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The question of gauge invariance is one of the central issues in dynamical descriptions of how photons interact with hadronic systems [1{4] . While there is usually no problem to nd denitive answers at the level of tree diagrams with bare, point-like particles, the problem becomes rapidly very complicated once one attempts to incorporate the electromagnetic interaction consistently within the full complexity of a strongly-interacting hadronic system [4] . As a case in point, as is well known, even the tree-level amplitude for pion photoproduction o the nucleon is not gauge-invariant if one employs hadronic NNform factors to account for the fact that nucleons are composite objects, and not point-like.
In order to restore gauge invariance in these situations, one needs to construct additional current contributions beyond the usual Feynman diagrams to cancel the gaugeviolating terms. One of the most widely used methods to this end is due to Ohta [2] . For pion photoproduction o the nucleon at the level of the Born amplitude, Ohta's prescription amounts to dropping all strong-interaction form factors for all gauge-violating electric current contributions [3] . In other words, gauge invariance is regained by treating the oending terms exactly as in the bare case, thus losing any eect due to the compositeness of the nucleons. This undesireable situation is sometimes remedied in an ad hoc fashion by m ultiplying the gaugeinvariant bare amplitude by a n o v erall form factor taken to simulate the average eect of the fact that nucleons are not point-like [5] . Within Ohta's scheme, however, there is no foundation for such recipes [3] .
Recently, Haberzettl [4] has put forward a comprehensive treatment of gauge invariance in meson photoproduction. This includes a prescription for restoring gauge invariance in situations when one cannot, for whatever reason, handle the full complexity of the problem and therefore must resort to some approximations. It is the purpose of the present paper to provide a detailed comparison of this approach with Ohta's. While the general Ansatz in Ref. [4] was quite dierent from Ohta's, we will show that both approaches can be understood as dierent ways of taking the limit of vanishing photon momentum. The way this limit is treated in Ref. [4] will be seen to introduce more exibility i n h o w form factors can be retained for the terms where they are replaced by constants in Ohta's prescription. Although dierent in detail, this nding actually lends support to approaches which m ultiply the Born amplitude by a n o v erall form factor.
We will use the reaction p!n + with pseudoscalar coupling for the NNvertex as a simple example to elucidate the main features of the present i n v estigation, similar to the discussion of Ohta's approach [2] in Ref. [3] . Using dierent, or more general, couplings for the vertex would not add anything essential to the following discussion; it would only complicate the presentation.
For bare nucleons, the tree-level amplitude (see Fig. 1 ) for p!n + for pure pseudoscalar coupling is given as (see [3] , and references therein)
A j u n M j u p ; (1) which represents an expansion based on operators u p : (7) The momentum dependence of the form factors appearing here can be read o Fig. 1 (6b) and (7) is undened; it was introduced here to be able to isolate the gauge-violating current contribution in a form that makes comparison with Eq. (1) Using analytic continuation and minimal substitution, Ohta [2] 
In this limit, therefore, Eq. (7) (14) which is the only function from those given in Eqs. (8a){ (8c) that does not depend explicitly on k to begin with.
This, however, is an artifact of having taken both nucleon momenta as independent v ariables. Had we taken, for example, the pion momentum q as an independent variable instead of the nal nucleon momentum p 0 , we would have as the independent set, we w ould nd F 1 . In other words, following Ref. [4] , depending on the choice of variables, we can take a n y one of the three form factors as a subtraction function. In general, the subtraction vertex is the one whose single o-shell leg is described in terms of the on-shell four-momenta of the other two legs. One may argue whether this dependence on the variable set should be allowed. From the point of view of minimal substitution, however, perhaps one shouldn't nd this surprising since technically speaking, one can only perform a minimal substitution in the variables which actually occur and hence the resulting current in general will reect the underlying variable set. Ohta circumvented this problem by considering the vertex as a general function f(p 2 ; p 0 2 ; q 2 ) unconstrained by momentum conservation before performing the minimal substitutions. The resulting subtraction function (11) then corresponds to the unphysical limit of taking all three variables to their mass-shell values. This prescription, thus, amounts to performing the infrared limit k ! 0 explicitly in the construction of the contact current, whereas in Ref. [4] the proper value for this limit is provided by the dynamics of the reaction by c hoosing the subtraction vertex as one with proper physical variables for its legs. (In Ref. [6] , some formal problems associated with Ohta's unphysical limit have been pointed out.)
In any case, within the gauge-invariance prescription of Ref. [4] , it is possible to remove the dependence on the variable set by introducing a more \democratic" choice for b F using a linear combination of the three limiting cases, namely Choice B: b F = a 1 F 1 (s) + a 2 F 2 ( u ) + a 3 F 3 ( t ) = b F ( s; u; t) ; (16) where b F(s; u; t) is a short-hand notation for the preceding expressions. To ensure the correct limit for k = 0, the coecients need to add up to unity, a 1 +a 2 +a 3 = 1 . The most democratic choice is a 1 = a 2 = a 3 = 1 = 3, of course.
The previous choice A, in Eq. (14), is subsumed here with a 1 = a 2 = 0 , a 3 = 1 . In the subsequent applications, we will use this general form for b F and allow the coecients a i to be free parameters.
While the equations given above for pion photoproduction apply only at the tree level (in the spirit of Ref. [3] ), recent models have gone much further [7{9] and have included the pion nal-state interaction by iterating the full scattering equation. Such a treatment w ould go beyond the scope of the present paper. However, for kaon photoproducton, most recent computations [10{12] use treelevel diagrams only and adjust the coupling constants to reproduce the data. None of these calculations have included a hadronic form factor until now, even though preliminary results [13] indicate that the presence of such a form factor greatly inuences the range of the extracted coupling constants. We therefore test here this particular implementation of gauge invariance by considering the two k aon photoproduction reactions p! K + and p! 0 K + . F or both reactions, one can simply take over Eq. (6) and replace the pion by K + and the neutron by the respective h yperon. For [10, 13] , namely, the K in the t-channel, and the S 11 (1650) and the P 11 (1710) states in the schannel. For production, we also allow the S 31 (1900) and the P 31 (1910) state to contribute. We do not make any claims that this selection is unique or correct at the present time, but rather that it leads to a reasonable description of the ( ;K)processes and allows us to draw qualitative conclusions about the magnitude of the Born coupling constants. In the case of p( ;K + ), separate coupled-channels analyses [14, 15] (20) In the nonrelativistic limit, this form reduces to the usual monopole form depending on the squared threemomentum of the exchanged particle. For the three cases of Eq. (8), since two of the three vertex legs are always on-shell in the present applications, this translates into (21c) which is, therefore, eectively the same as the form factors used in Ref. [16] .
In the discussion of our numerical results, we focus our attention on the magnitude of the leading Born coupling constants g KN and g KN . In contrast to the wellknown NNcoupling constant, there are serious discrepancies between values for the KYN coupling constants extracted from electromagnetic reactions [12, 13] and those from hadronic processes [17, 18] which tend to be closer to accepted SU (3) between the two gauge prescriptions can easily be understood from Eq. (11) and the discussion following that equation. Ohta's method provides no possibility to suppress electric contributions since the form factor for this term is unity [cf. Eqs. (6b) and (11)]. In contrast, the method by Haberzettl allows for a hadronic form factor in this term as well.
The lower panel of Fig. 2 sheds additional light on the suppression mechanism. In the ts we performed the cuto of the form factor, cf. Eq. (19), was allowed to vary freely. In the case of Haberzettl's method, the cuto decreases with increasing KN coupling constant, leaving the magnitude of the eective coupling, i.e., coupling constant times form factor, roughly constant. Again, since Ohta's method does not involve form factors for electric contributions no such compensation is possible there, and as a consequence the cuto remains insensitive to the coupling constant. (16) to be free t parameters. As it turns out, the t only allows nonzero s-and t-channel contributions (i.e., a 2 is essentially zero), with a somewhat larger a 3 value (corresponding to an enhancement of the t-channel), which of course is entirely consistent with the fact that Eq. (17b) contains only s-and t-channels.
We do not show the tted resonance couplings here since we do not regard them as very realistic at this point. We emphasize again the qualitative nature of our ndings, and clearly a more sophisticated calculation is required in order to obtain a quantitative description of the ( ;K) processes.
In summary, w e h a v e applied here the general gaugeinvariance restoration method proposed by Haberzettl to the specic example of pseudoscalar photoproduction at the tree level. Using a phenomenological Born plus resonance model we have compared the procedures by Ohta [2] and Haberzettl [4] for kaon photoproduction. We found the latter to be superior since it can provide a resonable description of the data using values for the leading couplings constants close to the SU(3) values. Such couplings cannot be accommodated in Ohta's method due to the absence of a hadronic form factor in the electric current contribution. The main purpose for measuring meson photoproduction in the 1{2 GeV region is the study of resonances. In order to unambiguously separate resonance from background contributions, it is imperative that background terms be able to account for hadronic structure while properly maintaining gauge invariance. As the present ndings indicate, Ohta's prescription seems to be too restrictive in this respect, whereas the method put forward in Ref. [4] seems well capable of providing this facility.
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